The association between advanced age and the thiamine concentration has not been conclusively determined. A recent report from Japan showed that more than half of nursing home elderly residents at an institution had a low whole-blood thiamine concentration (,20 ng/mL). Therefore, a high incidence of low thiamine concentrations among hospitalized elderly has been anticipated in the Japanese population but never investigated. We evaluated the whole thiamine concentration in newly hospitalized elderly patients ($65 y old) with infectious diseases. Evaluations were performed on admission and at days 6-8 of hospitalization with liquid chromatography tandem mass spectrometry (LC/MS/MS). As a result, we enrolled a total of 471 patients from September 2015 to December 2016. The median thiamine concentration was 46 ng/mL (IQR, 37-58 ng/mL). Only 7 patients (1%) had thiamine concentrations below 20 ng/mL (66 nmol/L) on admission. Five of these patients were bedridden and unable to eat food by themselves, and the other two patients used loop diuretics for chronic heart failure. The thiamine concentration declined in most patients (84%) at days 6-8 of admission, regardless of their dietary intake during hospitalization. In conclusion, a low thiamine concentration was not prevalent among newly hospitalized elderly patients with infectious diseases. However, the thiamine concentration significantly decreased during the 6-8 d of hospitalization.
Thiamine (vitamin B1) is a water-soluble vitamin that is essential for energy metabolism (1) . Thiamine deficiency causes beriberi (2, 3) , including a decrease in the heart function, muscle weakness, peripheral neuropathy, and impairment of the cognitive function and leads to Wernicke-Korsakoff syndrome in severe cases (4) . As the clinical diagnosis of thiamine deficiency is challenging (5), an awareness of its prevalence and the identification of patients at high risk for thiamine deficiency are essential for the prevention of these complications.
The distributions of thiamine concentration differ among geographic areas due to differences in the dietary intake of thiamine (6) . In developed countries, heavy alcohol consumption (7), malignancy (8) , chronic heart failure (9) , and the regular use of loop diuretics (10) have been reported to be associated with low thiamine concentrations. The thiamine concentrations also decrease rapidly during serious infectious diseases in patients requiring intensive-care unit (ICU) placement or with septic shock (11) . However, this association has not been validated for non-ICU patients with infectious diseases.
The association between advanced age and the thiamine concentration has not been conclusively determined (12) (13) (14) . Ito et al. recently found that more than half of nursing home elderly residents had a low wholeblood thiamine concentration (,20 ng/mL) as evaluated at an institution in Japan (15) . A high incidence of low thiamine concentrations among hospitalized elderly patients in the Japanese population has therefore been anticipated.
In the present study, we evaluated the thiamine concentration at the time of admission in elderly patients with infectious diseases and evaluated the change in this concentration during the first week of hospitalization.
MATERIALS AND METHODS

Patients.
Investigations were performed at Tsukuba Medical Center Hospital (TMCH; 453 beds, Tsukuba, Japan) from September 1, 2015, to December 31, 2016. TMCH is located next to the University of Tsukuba Hospital and plays a role as a community-based hospital with a tertiary emergency center in the Tsukuba District of Japan.
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The patient screening criteria were as follows: $65 y of age, admitted to the Department of General Medicine and Primary Care (GM) or the Department of Respiratory Medicine (RM), and administered antimicrobial agents on admission. Patients with prior enrollment in this study, currently using thiamine-containing medications prior to hospitalization, transferred from another acute care hospital, without infectious disease (refer to Supplemental Online Materials for the definition of infectious diseases), or without available residual blood samples on admission (e.g. no blood examination performed on admission) were excluded.
The thiamine concentration was evaluated on admission for all patients who met the above criteria. The follow-up analysis of thiamine concentration was performed on the 6th-8th day of admission for the included patients unless they received any thiamine-containing medications (e.g. parenteral nutrition with thiamine supplementation), they were discharged or died before the date of the follow-up analysis, or residual blood samples were unavailable.
All clinical data, except for the thiamine concentration, were collected through a review of the medical records, nursing databases, and microbiology records. The data were examined by two physicians (YA and HS) who made decisions based on consensus. The patients in whom the diagnosis of infectious diseases could not be determined by the two physicians were further evaluated by a third investigator (KK or YH).
This observational study with residual blood use was conducted according to the ethical principles laid down in the Declaration of Helsinki and was approved by the Research Ethics Review Board of Tsukuba Medical Center Hospital (approved number: 2015-006).
Data collection. The demographic data included the age, sex, body mass index, functional capacity in activities of daily living (ADL) prior to hospitalization (Katz index (16) ), history of aspiration, residence, use of tube feeding or parenteral nutrition, extent of alcohol intake (heavy alcohol consumption; .80 g daily), comorbidities assessed by the Charlson Comorbidity Index (CCI) (17) , immunosuppressive state (18) , and regular medication.
The clinical and laboratory data included the duration from symptom onset to admission, appetite change prior to admission, the daily average dietary intake from the day after admission to the follow-up analysis, albumin concentration, the presence of septic shock, inpatient death, and primary sources of infection (refer to Supplemental Online Materials for definitions). The dietary intake of the first week after admission was divided into 3 categories (low, ,15 kcal/kg/d; moderate, 15 to 30 kcal/kg/d; adequate, $30 kcal/kg/d), as determined by the required amount of energy in geriatric patients (19) .
The analysis of the thiamine concentration. The blood samples were stored in a freezer at 230˚C within a day after being obtained, and the thiamine concentration was analyzed within a month after being assessed for its eligibility (refer to Supplemental Online Materials for effect of frozen storage on the thiamine concentration). The thiamine concentration was determined as the amount of free thiamine in whole blood. Three thiamine phosphate esters were hydrolyzed to free thiamine during the sample preparation and included in the analysis. We employed liquid chromatography tandem mass (LC/ MS/MS; Liquid chromatograph, LC-20AD, Shimadzu Medical Systems, Osaka, Japan; Mass spectrometer, API3200TM, SCIEX, Toronto, Canada) at LSI Medience Corporation Central Laboratory (Tokyo, Japan), which has replaced high-performance liquid chromatography (HPLC) in most centralized laboratories in Japan. LC/ MS/MS was performed as previously described (20) , and the values have been shown to have excellent linear correlation with those obtained with HPLC and be almost equal to those obtained with HPLC (20) .
Outcomes. As the primary outcome, we assessed the distribution of thiamine concentration on admission and the characteristics of patients with low thiamine concentrations. The secondary outcome was the change in thiamine concentrations on the 6th-8th day of admission.
A laboratory definition of thiamine deficiency was not established. Previous studies have regarded a whole-blood thiamine concentration below 20 ng/mL (66 nmol/L) or 30 ng/mL (100 nmol/L) as indicative of thiamine deficiency, and the prevalence and associated factors has been investigated. In the present study, we evaluated the prevalence of a thiamine concentration below these values for comparison with previous research.
Statistical analyses. Continuous data are presented as the median value (interquartile range; IQR). Comparisons of the continuous variables were performed using the Mann-Whitney U test or Wilcoxon's signed rank test (21). Fisher's exact test was used for all categorical data (22) . A multivariate logistic regression analysis was conducted to determine the factors associated with a low thiamine concentration (23) . Variables with a p value of ,0.05 on a univariate analysis were used to construct multivariate logistic regression models. All of the data analyses were performed using the R 3.3.1 software program. Statistical significance was defined as p value ,0.05. Figure 1 depicts the patient selection process in detail. Of the 678 patients $65 y of age who had been administered antimicrobial agents on admission, we excluded 82 for previous enrollment in the current study, 73 for lacking residual blood samples, 19 for transferring from other acute-care hospitals, 19 for not having infectious diseases, and 14 for currently using thiamine-containing medications. As a result, we finally identified 471 patients who met the criteria and had their thiamine concentration analyzed.
RESULTS
Patient selection
Of these 471 patients, 91 (19%) received empiric thiamine supplementation after hospitalization, and 272 (58%) underwent a follow-up analysis of the thiamine concentration on the 6th-8th day of admission. Thiamine concentrations on admission and clinical characteristics of patients with concentrations ,20 ng/mL or ,30 ng/mL Figure 2 shows the frequency distribution of thiamine concentrations on admission in 471 patients. The median thiamine concentration was 46 ng/mL (IQR, 37-58 ng/mL).
There were only 7 patients (1%; 3 females, 4 males) with thiamine concentrations ,20 ng/mL (66 nmol/L) on admission, and their clinical characteristics are described in Table 1 . None of these patients received parental nutrition, but six had impairment of ADL, and five were bedriden and could not eat daily meals by themselves. Two patients were taking loop diuretics for heart failure. All seven patients had comorbidities, and five had significant comorbidities (CCI score $5). Six patients had a history of decreased appetites, and the duration was longer than 1 wk in three patients. Five patients had hypoalbuminemia (Alb ,3.0 g/dL) on admission.
Of the 471 patients, 45 (10%) had thiamine concentrations ,30 ng/mL on admission. On comparing the patient groups with thiamine concentration ,30 ng/ mL and $30 ng/mL ( mL on admission. Figure 3 shows the change in the thiamine concentration by the 6th-8th day of admission in 272 patients. The median thiamine concentration decreased from 46 ng/mL (IQR, 38-57 ng/mL; n5272) to 37 ng/mL (IQR, 32-46 ng/mL) (p,0.001), and the thiamine concentration had decreased in 228 patients (84%) from admission in this analysis.
Change in thiamine concentration by the 6th-8th day of admission
Among these 272 patients, 3 (1%) newly had thiamine concentrations ,20 ng/mL on the 6th-8th day of admission. All 3 had thiamine concentration between 20 and 29 ng/mL on admission and a reduced dietary intake after hospitalization. A decrease in the thiamine concentration was observed in all groups of dietary intake: a lower dietary intake group (n5101, 45 to 36 ng/mL, p,0.001), a moderate dietary intake group (n5149, 46 to 37 ng/mL, p,0.001), and an adequate dietary intake group (n522, 51 to 47 ng/mL, p50.001).
On the follow-up evaluations, a thiamine concentration ,30 ng/mL was observed among 49 (18%) of the 272 patients, and 30 (11%) newly had thiamine concentrations ,30 ng/mL.
DISCUSSION
This is the first study to evaluate the thiamine concentration in newly hospitalized elderly patients with acute infectious diseases at a community hospital in Japan. In the present study, the prevalence of a thiamine concentration ,20 ng/mL (66 nmol/L) in elderly patients with acute infectious diseases was low (1%), and all of the patients with a thiamine concentration ,20 ng/ mL on admission were bedridden, unable to eat food (2) 24 (6) Categorical data are presented as number (proportion, %). Continuous data are presented as median [interquartile range]. * p value ,0.05, the comparison was performed between patients with thiamine concentration below 30 ng/mL and patients with thiamine concentration equal to or more than 30 ng/mL.
by themselves or used loop diuretics for chronic heart failure. However, the thiamine concentration declined in most patients (84%) a week after admission for the treatment of infectious diseases, and this decline was observed regardless of patients' dietary intake during the hospitalization. Takeda et al. evaluated the whole-blood thiamine concentration of 869 healthy Japanese volunteers by HPLC in 2002 and found mean thiamine concentrations of 36610 ng/mL for men (n5524) and 3168 ng/ mL for women (n5345), with no association regarding age (24) . Ito et al. observed a mean thiamine concentration of 2269 ng/mL among elderly nursing home residents (n574, age range: 65-105 y old) at an institution in 2012, and the thiamine concentration of 42 residents (57%) was ,20 ng/mL (15) . In the current study, the distribution of the thiamine concentration (median: 46 ng/mL, IQR: 37-58 ng/mL) was not markedly different from that of healthy volunteers (24) , and the results were similar even among elderly patients referred from nursing homes (n574, median: 42 ng/ mL, IQR: 35-59 ng/mL). Regional differences may be associated with these findings, such as improvements in the nutritional care of elderly residents or differences in the backgrounds of the individuals (25) . For example, some elderly residents are unable to have a normal oral intake, while other individuals with advanced dementia might not be appropriately referred to acute care hospitals.
Infection is known to be a risk factor of a reduced thiamine concentration due mainly to an insufficient oral intake of thiamine and increased metabolism (4, 26) . Experimental studies have shown that sepsis accelerates systemic glucose turnover, which uses thiamine as a cofactor for several enzymes (27, 28) . In addition, antimicrobial use alters gut microflora, which synthesizes thiamine (29) and may contribute to a reduced thiamine concentration during infectious disease treatment. Donnino et al. reported a rapid decrease in the thiamine concentration and the development of new thiamine deficiency within 72 h among patients with septic shock (11). In our current study, there were 10 patients with septic shock, and the thiamine concentration decreased in all of them within a week after hospitalization (median: 48 to 37 ng/mL, p50.002). Moreover, we revealed that the decrease occurred even among patients without septic shock in cases of nonthiamine supplementation (n5262, 46 to 37 ng/mL, p,0.001), and the development of thiamine con centration ,20 ng/mL newly occurred.
The thiamine concentration is known to be lower in patients with established risk factors than in those without such risk factors (7) (8) (9) (10) 30) . Concentrations were also low among patients with chronic heart failure or hypoalbuminemia in our current study, and hospitalization for infectious diseases caused thiamine depletion, even in cases of adequate food intake. These findings suggest that universal supplementation of thiamine is unnecessary for elderly patients with infectious diseases on admission, and thiamine supplementation should be considered for elderly patients with risk factors for a low thiamine concentration during inpatient care for infectious diseases.
Several limitations associated with the present study warrant mention. First, the current study was performed in a single hospital and included only patients admitted to two departments, with a substantial proportion having pulmonary infection. Furtheremore, we did not compare the thiamine concentration between the patients with infectious and non-infectious diseases. The result therefore may not be comparable to those obtained in other settings. Second, the decrease in the thiamine concentration during the follow-up period might be transient, and we were unable to determine clearly the complications of thiamine deficiency in this study. Third, the intake of each dish was not recorded; therefore, the total amount of food intake measured in this study may not accurately reflect the thiamine intake. Finally, we were unable to determine the change in the thiamine concentration for patients receiving supplementary thiamine medication. These supplementations were based on a clinical judgment of their necessity, so the decrease in the thiamine concentration might have been greater than that measured in our current study.
In conclusion, the current study showed that low thiamine concentrations were not prevalent among newly hospitalized elderly with infectious diseases. However, the thiamine concentration decreased significantly during the first week of treatment, regardless of patients' dietary intake during the hospitalization. 
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